Abstract. Because of its advantages of high temperature, high frequency and high power, GaN high electron-mobility transistor (HEMT) devices have been widely used in microwave circuit design. Successful circuit design requires accurate device models. Therefore, small-signal modeling plays an important role in the design of microwave circuits. According to the theoretical analysis, this paper selects CGH40010F device for small-signal modeling, proposes 16-element small-signal circuit model, uses vector network analyzer (VNA) to measure S parameters under different biases at different frequency points, and uses the distributed extraction method to extract the parasitic parameters and intrinsic parameters of GaN HEMT device. The accuracy of the model was verified by comparing the test results with the simulation results.
Introduction
GaN HEMT devices have been widely used in microwave circuits because of their advantages in high frequency, high temperature and high power [1] . The device model is the basis of researching the device and the successful circuit design needs to know the accurate model of the device, so the small-signal and large-signal modeling of the GaN HEMT device become the current research hotspot.
At present, the modeling of small-signal GaN HEMT devices has become increasingly mature, and some models and parameter extraction methods are also widely used, such as 14-element and 22-element model. E. Chigaeva et al. proposed a 14-element model [2] . The parasitic resistance was extracted using the S-parameters at high gate voltage, the application of this model was limited due to the high gate voltage damage device. A. Jamdal et al. proposed a 22-element model [3] , extracting the model parameters based on the two-step method. The initial value of parasite parameter and the objective function have great influence on the final result, and too many parameters of the equivalent circuit model also increase the difficulty of extraction. Equivalent circuit with fewer parameters is easier to extract parameters because the circuit is simpler, the equivalent circuit with more parameters is more accurate, but the parameter extraction is more complicated [4, 5] . Consider this situation, this paper choose 16-element equivalent circuit for small-signal modeling. The establishment of the HEMT small-signal equivalent circuit model and the parameter extraction are all based on the S-parameter test data of the device. Small-signal equivalent circuit component parameters are extracted through the S parameters into Y parameters and Z parameters and obtained through a series of algorithms, so it is crucial for small-signal modeling to extract the model components parameters.
GaN HEMT Small-signal Extraction Parameters
According to the existing laboratory conditions, this paper selects the CGH40010F device, using the distributed extraction method, the most commonly used parasitic extraction method is the cold-FET method [6, 7] , the parasitic parameters related to bias are extracted and then the parasitic extraction value is taken as the known condition, the influence of parasitic parameters on the circuit is removed, and the intrinsic parameters are extracted. In the ADS parameter fitting and simulation optimization, get more accurate 16-element small signal equivalent circuit model. In the ADS parameter fitting and simulation optimization, get more accurate 16-element small-signal equivalent circuit model, as shown in Figure 1 . 
S-parameter Measurement
Because of the use of distribution extraction method for parameter extraction, it is necessary to measure the S parameters under the corresponding conditions, mainly divided into the following three aspects:
(1) cold-FET cut-off mode: Vgs < Vth (channel cut-off voltage Vth = -3.8V).Vds = 0V, Vs=0V.
(2) cold-FET conduction mode: Vgs=0V, Vds=0V, Vs=0V. (3) S-parameters under all bias: the Vds from 0V to 24V, step is 3V, Vgs from -5 to 0V, step is 1V, Vs=0V.
S-parameter Extraction
Parasitic Parameter Extraction. Parasitic capacitance is determined by the Y-parameter at low frequency (<0.5GHz) and cut-off condition, and the equivalent circuit diagram is shown in Figure 2 . At low frequencies, considering the imaginary part of Y-parameter can be expressed as:
Im dp dsi ds gd
The parameters can be fitted by the Y-parameter, and the initial capacitance value is embedded in the ADS for optimization. As shown in Figure 4 , when the simulation result and the test data fit well, the optimal distributed capacitance can be obtained [8] . The parasitic inductance and parasitic resistance are extracted under high frequency (>0.5GHz), in the condition of Vgs=0 and Vds=0, the equivalent circuit diagram is shown in Figure 3 .
The Z-parameter is obtained:
R R / 2 j ωL ωC
The parasitic inductance can be fitted by the imaginary part of the Z-parameter, and the parasitic resistance can be fitted by the real part of the Z-parameter. The formulas of the parasitic resistances are embedded into the ADS to simulate, and the parasitic inductance is simulated by MATLAB. The results are shown in Figure 5 . 
Using the parasitic parameter values and the S, Y, Z-parameters of each frequency point, the intrinsic parameters (ie Table 2 ) can be obtained by a straight-line fitting method in parasitic extraction. Table 1 . The intrinsic parameters extraction data.
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Parameter Fitting
Draw small-signal equivalent circuit diagram of 16 components in ADS, set the component parameters to the above-mentioned corresponding circuit parameters extracted (ie Table 2 ), add the appropriate bias conditions to carry on emulation. Comparison of circuit simulation results and test data, as shown in Figure 6 , you can see the Smith chart, the test data and simulation data of the S-parameter curve basically consistent, indicating the establishment of a 16 element model is accurate.
Summary
The establishment of accurate device model is very important for circuit design, and the parameter is its crucial step. This paper mainly focuses on the modeling of CGH40010F device, which is divided into three steps. Firstly, vector network analyzer is used to measure the S-parameters at different frequency points of the device. Secondly, the distributed extraction method is used to extract the parasitic parameters and intrinsic parameters of the device. The two parameters were simulated and optimized to get the best parameters. Finally, a 16-element small signal model is obtained and simulated in ADS. Compared the S-parameters of the test data and the simulation data, the results show that the test and simulation results are in good agreement. This article has successfully established a 16-element small signal model of the CGH40010F device.
